The defining feature of eukaryotic organisms is the cell nucleus. All nuclear proteins are synthesized in the cytoplasm and need to be imported through the nuclear pore complexes (NPCs) into the nucleus. Import can be directed by various signals, of which the classical nuclear localization signal (NLS) and the M9 import signal are the best characterized. The past year has provided insight into the functions of the key players in NLS-and MS-dependent import, the interactions of these key players and possible implications of these interactions for the import mechanism. Although an understanding of some of the steps in the import process is emerging, the molecular mechanism of the actual translocation through the NPC is still obscure. 
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Introduction
The import of proteins into the nucleus occurs through the nuclear pore complexes (NPCs) which allow diffusion of small molecules and can accommodate the active transport of particles as large as several million dalton in weight or 25 nm in diameter [l] . The active import is energy-dependent and is mediated by saturable import receptors. Import into the nucleus can be conferred by several distinct import signals. The best characterized one is the 'classical' nuclear localization signal which consists of one or more clusters of basic amino acids [Z] . It is referred to here as the NLS. The M9 domain is the import signal of the hnRNPA1 protein but it is unrelated in sequence to the 'classical' NLS [3] . NLS-and M9-containing proteins do not compete with each other for import and are recognized by distinct receptors ((4**] and see below). The import of U snRNPs (U-rich small nuclear ribonucleoproteins) defines another pathway into the nucleus [5, 6] and even more are likely to exist.
An important contribution
to the understanding of nuclear transport has been the concept of shuttling of import receptors [7] , which appears to apply at least to NLSdependent import. In this model, the import receptor initially binds its import substrate in the cytoplasm; it then carries the import substrate through the NPC into the nucleus, where the cargo is released from the transport receptor. To accomplish multiple rounds of transport, the import receptor finally has to return to the cytoplasm without the cargo. This model predicts asymmetric import/re-export cycles and implies that the binding of the transport receptor to its cargo is regulated by the different environments of the nucleus and cytoplasm.
A key step in the understanding of NLS-dependent protein import was the development of an in vitro system that faithfully reproduces the process [8] . In this system, a fluorescent import substrate is introduced into digitonin-permeabilized cells and its nuclear accumulation is monitored by fluorescence microscopy. A crucial consequence of plasma-membrane permeabilization is the depletion of the soluble contents of the cells. The observation that the active import depends on the readdition of cytosol or cytosolic fractions allowed the purification and the subsequent molecular characterization of four soluble factors presently known to be required for import, namely importins a and p which together constitute the NLS receptor, the GTPase Ran/TC4, and NTFZ (nuclear transport factor 2) [9-181. Alternative names have been used for these components such as pp15 or p10 for NTFZ, NLS receptor or karyopherin a for importin a, and p97 or karyopherin p for importin p.
In the following sections of this review, I will give an overview of NLS-dependent nuclear protein import, and describe some characteristics of the transport factors involved and the known interactions between them. The review is focused on the GTPase Ran, its interacting partners, and the possible roles of the Ran system in driving translocation and generating asymmetry in the transport cycles. Finally, the NLS-dependent import pathway will be compared with other import routes. The small GTPase Ran appears to be involved in multiple reactions following the initial docking of the import substrate to the cytoplasmic periphery of the NPC [14,16,27*,33*] . Like all G proteins, Ran switches between a GDP-bound and a GTP-bound state by nucleotide exchange and GTP hydrolysis. The intrinsic rates for these reactions are very low and have to be facilitated by specific factors (see Table 1 ). RCCl (regulator of chromosome condensation 1) is Ran's major guanine nucleotide exchange factor (GEF) and generates . RanGAPl is, so far, the only known GTPase-activating protein and causes conversion of Ran-GTP into Ran-GDP [35] . Another constituent of the Ran system is the Ran-binding protein RanBPl, which preferentially binds to Ran-GTP and facilitates the GTPase activation by RanGAPl [36-381. The Saccharomyces cerevisiae (SC) homologues of Table 1 Ran, RCCl, RanGAPl and RanBPl are encoded by the genes GSPI, PRPZO, RNA1 and YRBI, respectively, each of which is essential for viability. A variety of studies has demonstrated that the functional products of these genes are required for transport into and out of the nucleus (see Table 1 and [39-41,42*,43,44,45*,46-48] Gsptp ( 
The importin-dependent pathway
What are the translocation intermediates?
The early steps of nuclear import are reasonably well understood.
First, the import substrate binds to the importin a-B heterodimer which is stable in the cytoplasm because RanGAPl and RanBPl (and RanBP2) keep levels of cytoplasmic Ran-GTP very low, which otherwise would dissociate the complex. The trimeric NLS-importin-a-importin-p complex then docks via the importin B subunit to the cytoplasmic filaments of the NPC and is translocated through the NPC, probably as a single entity. 
What drives translocation?
GTP hydrolysis by. Ran is essential for passage through the nuclear pore [14-161; it might even constitute the sole source of energy for translocation [33*]. The latter conclusion has been derived from a number of observations. Import with wild-type transport factors can be blocked with nonhydrolyzable GTP analogues; ATP analogues have no effect, suggesting that only GTP and not ATP is hydrolyzed to provide energy for import. To test if Ran was the only GTP-consuming component, a mutant Ran that utilizes XTP instead of GTP was used [33*]. Import now became XTP-dependent and resistant to inhibition by GTP analogues, suggesting that the rate-limiting steps of import are driven solely by nucleotide hydrolysis by Ran and not by other NTPases.
As Ran appears to be needed for translocation through the cytoplasmic and the nuclear parts of the NPC, it is probably required on both sides of the NPC. Import requires cytoplasmic Ran to be in its GDPlbound form [27*,33*]. Consistent with the requirement that Ran be in its GDP-bound form for import, Ran-GDP has indeed been shown to bind to NPCs [27']. As import requires Ran to go through its entire GTP/GDP-bound cycle, one has to postulate a local nucleotide exchange and GTP hydrolysis at the nuclear pore complex. However, the identity of the Ran receptor(s) at the NPC that would couple Ran's GTP/GDP cycle to the actual translocation process is still obscure. Although three candidates have been suggested for this function, namely, NTF2, importin B, and RanBP2, their known properties and interactions can hardly explain the Ran dependence of translocation. Yeast are viable without NTF2, provided that Gsplp is overexpressed (PA Silver, personal communication S. ce7euisiae has no equivalent to RanBP2, only two distantly related proteins, Nup2p and Yrb2p, whose affinities for Ran (Gsplp) are negligibly low (e.g. the affinity of Nup2p for Gsplp is 2500 times lower than is the affinity of yeast RanBPl for Gsplp; FR Bischoff, personal communication).
Neither Nup2p nor Yrb2p is essential and even the double-deletion strain is viable and without obvious import defects (G Schlenstedt, personal communication).
Assuming that translocation is essential and conserved between yeast and mammals, Ran binding to RanBP2 appears unlikely to explain translocation into the nucleus. Also, a Ran-binding domain of RanBP2 alone has a high affinity for only Ran-GTP and not for Ran-GDP [36, 58] , which predominates in the cytoplasm.
Importin B can participate in a tetrameric importina-importin-B-Ran-GDP-RanBPl complex [29']. However, this does not solve the problem of coupling the GTP cycle to translocation, because if the nucleotide were exchanged to GTP then importin a would be released and translocation aborted. Furthermore, it remains to be shown how a model in which the importin-a-importin-B-Ran-GDP-RanBPl complex moves through the NPC can be reconciled with RanBPl containing a cytoplasmic retention signal [53'] which should prevent it from entering the nucleus. Thus, the question of which components couple translocation through the NPC to the GTP cycle of Ran still remains to be answered. This not only applies to the problem of nucleotide exchange at the NPC, which is certainly not catalyzed by chromatin-bound RCCl; it is also by no means clear if all Ran-dependent GTP-hydrolysis steps required for translocation are actually triggered by RanGAP 1.
Termination of import and recycling
The translocation into the nucleus is terminated when the NLS-receptor complex has reached the nuclear side of the NPC. This involves the dissociation of the importin a-B heterodimer by direct binding of nuclear Ran-GTP to importin B. As a result, importin a is released into the nucleoplasm.
As the isolated importin a subunit has a lower affinity for NLS than does the heterodimer [27*,32], termination should also facilitate the release of the NLS from its receptor.
If termination
is prevented, as in the case of an importin B mutant that is deficient in Ran binding, then import intermediates become arrested at the nuclear baskets [27*], blocking the nuclear pore complex for subsequent transport events [28] . Interestingly, not only are NLS-importin complexes then prevented from crossing the nuclear envelope, but the NPC is also blocked for MPdependent import and export of NES (nuclear export signal)-containing proteins, mRNA and U snRNA [28] . Only tRNA can still pass through the NPC, and diffusion remains unaffected.
Once termination has occurred, the importin subunits need to be recycled back to the cytoplasm. A number of indications suggest that importin a and B are re-exported separately. First, importin B is re-exported more quickly than is the a subunit [23, 24] . Second, the IBB domain of importin a confers import into but not export out of the nucleus [25',26'] . The simplest explanation would be if importin B were exported as part of a Ran-GTP complex which would preclude importin a binding to importin B on the way out. The importin-PRan-GTP' complex would then have to be disassembled in the cytoplasm. The importin&Ran-GTP complex itself is GAP-resistant [30] . However, it appears that RanGAPl can cooperate with RanBPl and a third factor to allow GTP hydrolysis and the release of free importin B [27',66] , and hence allow a new import cycle to begin.
MS-dependent import
The 38-residue M9 domain of hnRNPA1 is sufficient to confer import into the nucleus, but it bears no sequence similarity to classical NLSs [3] . Recently, transportin, the import receptor of the M9 pathway, was identified [4**]. Human transportin is 24% identical to importin B and it binds directly to the M9 signal with no equivalent of importin a being involved. A parallel study [67*] identified the S. cerzvisiae homologue of transportin, also' called Kap104, as a mediator of nuclear import of Nab2p and Hrplp, which are two mRNA-binding proteins that are related to human hnRNP proteins. It seems likely that, in addition to NLS-and M9-dependent import, even more pathways into the nucleus exist.
Why would cells need several distinct nuclear import pathways? One possible answer is that it might be advantageous to regulate import of distinct classes of substrates separately. For example, transportin carries M9-containing proteins like hnRNPA1 into the nucleus where they assemble with hnRNA (heterogeneous nuclear RNA) and probably contribute to mRNA export. hnRNPAl shuttles between nucleus and cytoplasm, whereas its import depends on ongoing transcription by RNA polymerase II [3, 68] . It obviously makes perfect sense to adjust the capacity of hnRNP import to the needs for hnRNP proteins in the nucleus, without at the same time affecting import in general.
Conclusions
The past year has seen great progress in the characterization of the factors involved in NLS-and M9-dependent protein transport into the nucleus.
We are about to understand some of the steps of nuclear protein import. However, the mechanism of the actual translocation will continue to challenge the field in the foreseeable future. Import requires not only the presence of the essential transport factors, but also their proper distribution between nucleus and cytoplasm. This implies that the simplest system to reproduce the import reaction will probably be as complex as intact nuclei. After having identified and characterized the key import factors, we now have to study their interactions with functional nuclear pore complexes at molecular resolution. 
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